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osting by EAbstract All air-living organisms produce superoxide dismutase (SOD) and several antioxidant
enzymes that limit oxidative stress by detoxifying reactive oxygen species. SOD1 gene has been inves-
tigated in Egyptian native cattle and buffalos at the level of genomic DNA and cDNA that were
extracted from leucocytes. An unexpected band at approximately 370 bp was obtained in cattle geno-
mic DNA and cDNA as well as in buffalo cDNA. SOD1 ampliﬁed sequence of native cattle genomic
DNA and cDNA showed a 93% alignment. Native cattle genomic DNA SOD1 amplicon shares
sequence homology with mRNAs of Bos taurus ‘‘similar to superoxide dismutase’’ (SOD1) sequence
of the GeneBank database. It also shares sequence homology with ‘‘similar to superoxide dismutase’’
on B. taurus chromosome BTA13. The results indicate that the genomic DNA of Egyptian native
cattle contains SOD1 processed pseudo gene. SOD1 primers ampliﬁed three fragments in buffalo
genomic DNA which indicates that buffalo genome has different copies of SOD1 due to alternative
splicing. It failed to produce the 370 bp fragments found in cattle DNA. The protein analysis
revealed no differences between Egyptian native cattle and B. taurus SOD1 mRNA. However, one
amino acid, aspartic acid (Asp), in Egyptian native cattle and B. taurus SOD1, is substituted with
asparagine (Asn) (D26N) in buffaloes. This amino acid substitution may be due to non-synonymous
single nucleotide polymorphisms (nsSNPs). The nsSNPs detected in buffaloes may affect the func-
tion of the encoded protein. This study is the ﬁrst investigation reporting that the resistance of the
buffalo to diseases and parasites that afﬂict cattle may not be acquired but may have a genetic basis.
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lsevier1. Introduction
The water buffalo is vital to the lives of small farmers; it is eco-
nomical too for many countries worldwide. Despite their gen-
eral good health, buffaloes are probably as susceptible as cattle
to most infections. However, buffaloes seem to be peculiarly
sensitive to a few cattle diseases and resistant to a few others.
The reactions to some diseases seem to vary according the re-
gion, environment, and breed, but the differences are not well
understood [31].
2 A.A. Abou MossallamIt is well established that oxidative stress is an important
cause for cell damage that is associated with the initiation
and progression of many diseases. Consequently, all air-
living organisms produce antioxidant enzymes that limit
oxidative stress by detoxifying reactive oxygen species,
including hydrogen peroxide [3,36]. The past decade has
brought us new evidence of SOD1 gene involvement in a
number of diseases and pathologies that develop due to
altered SOD1 activity and reactive oxygen species (ROS)
[37]. A cationic and hydrophilic heparin-binding peptide cor-
responding to the C-terminal region of Cu/Zn superoxide
dismutase (SOD-1) exerts antimicrobial activity against
Escherichia coli, Pseudomonas aeruginosa, Staphylococcus
aureus, Bacillus subtilis and Candida albicans [30].
High genetic conservation has been reported between cattle
and river buffaloes [11]. The comparison between the genome
sequences of the closely related species such as buffaloes and
cattle provided an opportunity to search for genes whose
exon–intron structure had changed. For closely related species
a signature of the molecular mechanism of intron loss or gain
should be identiﬁable, since insufﬁcient time will have passed
to obscure the signals through accumulation of random muta-
tions [34].
The mechanism and implications of the changing in the
exon intron structure of genes are a poorly understood aspect
of genome evolution [34]. Homologous recombination of a re-
verse transcribed transcript has been previously proposed as a
model of intron loss [21], but whether this occurs through di-
rect recombination of the transcript with the locus or through
integration of a transcript into the genome to form a pseudo-
gene [10], this will be followed by gene conversion [13]. In addi-
tion to intron loss, several molecular mechanisms for intron
gain have been proposed. These mechanisms include transpo-
sition of introns [25], transposon insertions that mutate to be-
come introns [7], and tandem duplication of sequences where
one copy mutates to become an intron [8].
Single nucleotide polymorphisms (SNPs) are an abundant
form of genetic variation in every species. SNPs are more sta-
ble than other genetic markers. They are distributed through-
out the genome and in the genome of Bos taurus, one putative
SNP was detected approximately every 716 bp [22] making
them the most common form of genetic variation. Galloway
et al. [16] reported that SNPs are extremely useful for associa-
tion studies, gene mapping and phylogenetic studies. In species
of agricultural importance, SNPs can be used to identify re-
gions inﬂuencing important economic traits. SNPs can be iden-
tiﬁed in coding regions (cSNPs) or non-coding regions. A
subset of SNPs in coding regions give rise to variation in the
amino acid sequence of the encoded protein and are known
as non-synonymous SNPs (nsSNPs). Such SNPs have been re-
ported to occur less frequently than synonymous SNPs, pre-
sumably due to evolutionary constraints as selection
eliminates deleterious substitutions from the population [6].
In the course of studying the natural immunity of the native
cattle, buffaloes and other rural ruminants in Egypt, SOD1
gene was one of the genes under investigation.
2. Materials and methods
Five blood samples of each Egyptian native cattle and river
buffaloes were collected in ethylene diamine tetra acetic acid(EDTA). Genomic DNA was extracted from leucocytes
following the established protocols [4], modiﬁed by Shih
and Weinberg [33]. Total RNA from blood was extracted
using TRIFAST reagent [19]. First Strand cDNA synthesis
has been conducted using READY TO GO YOU prime-
First Strand Beads kit (Amersham).
The PCR primers were selected in such a way that the 50
and the 30 primers span different exons, so that the ampliﬁ-
cation product obtained from the cDNA would be of differ-
ent length from that obtained from genomic DNA
comprising with intronic sequences. The SOD1 primers were
5-GTG CTG AAG GGC GAC G-3 for sense and 5-TTT
CCA CCT TTG CCC AAG-3 for antisense [26]. The prim-
ers were synthesized by Amersham Pharmacia Biotech. The
PCR ampliﬁcation was carried out at 94 C for 1 min,
58 C for 2 min, and 72 C for 2 min and repeated in 35
cycles. The PCR and RT-PCR products of the ﬁve blood sam-
ples of each Egyptian native cattle and river buffaloes were ana-
lyzed on a 1.5 agarose gels [24]. The gels were examined with a
UV lamp at a wave length 312 nm. The gels were photographed
using an Mp4 plus Polaroid Camera.
The internal sequencing of all tested SOD1 samples from
genomic DNA and cDNA has been performed using ABI
PRISM version 3.7. Sequence alignment was carried out using
the Expert Protein Analysis System (CLUSTAL-W) server of
the Swiss Institute of Bioinformatics [18] and NCBI-BLASTN
2.2.13 version [2]. Six Frame Translation of Sequence and pro-
tein alignment were carried out using http://searchlaun-
cher.bcm.tmc.edu/seq-util/Options/sixframe.html and http://
msa.cgb.ki.se/cgibin/msa.cgi, respectively.
3. Results
A pair of primers speciﬁc for SOD1 was selected to identify
SOD1 in the native cattle and buffalo genomicDNAand cDNA
extracted from leucocytes using PCR and RT-PCR techniques,
respectively. A single sharp band of 370 bp was obtained in all
the ﬁve blood samples of the native cattle genomic DNA and
cDNA as well as buffalo cDNA, while the buffalo genomic
DNA yielded three fragments: 450, 700 and 1200 bp (Fig. 1).
The ampliﬁed PCR products (amplicon) obtained from na-
tive cattle genomic DNA, cDNA and buffalo cDNA were se-
quenced, while the comparison between each of the
individual ﬁve sequences of native cattle genomic DNA,
cDNA as well as buffalo cDNA, showed no relevant differ-
ences, therefore, one representative sequence was used for mul-
tiple alignment.
Sequences of native cattle genomic DNA and cDNA and
buffalo cDNA were submitted to the DDBJ/EMBL/Gene-
Bank nucleotide sequence database with Accession Nos.
EF471302, EF471304 and EF471303, respectively.
Different segments of SOD1 native cattle genomic DNA
sequence showed high homology with two ‘‘similar superoxide
dismutases’’ (SOD1) mRNA in B. taurus. The segment from 1
to 275 nt shares sequence homology (100%) with B. taurus
‘‘similar superoxide dismutase’’ (SOD1) mRNA from 287 to
561 nt ref|XM_584414.3| (LOC507743) (Fig. 2). A second seg-
ment from 45 to 271 nt shares sequence homology (98%) with
another mRNA of B. taurus ‘‘similar superoxide dismutase’’
(SOD1) sequences from 1 to 227 nt of the GeneBank database:
Accession Nos. dbj|AB099022.1| and dbj|AB099025.1| (Fig. 3).
Figure 1 Ethidium bromide-stained gel of ampliﬁed PCR
products of SOD1 gene using DNA and cDNA extracted from
blood buffalo (Buf) and native cattle (Cat), ladder, (L) 100 bp and
arrow indicates the ampliﬁed fragment size.
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of 87% and 91% with superoxide dismutase 1 (amyotrophic
lateral sclerosis 1, SOD1) mRNA of Homo sapiens
gb|BC001034.1| and ref|NM_000454.4| (Fig. 4) and ofMacaca
mulatta ref|NM_001032804.1| (Fig. 5), respectively.
Native cattle genomic SOD1 DNA sequence showed 93%
homology with native cattle SOD1 cDNA. Alignment of
SOD1 native cattle genomic DNA amplicon with B. taurus
genomic DNA reveals 95% homology with BTA13 genomic
DNA contig ref|NW_928647.1| ‘‘similar to superoxide dismu-
tase’’ (Fig. 6). The segment from 1 to 275 nt, which has been
previously mentioned to align (100%) with B. taurus ‘‘similar
superoxide dismutase’’ mRNA, aligns with four separate seg-
ments of DNA B. taurus chromosome one genomic contigFigure 2 NCBI-Blast analysis of DNA native cattle (Cat) with B
length = 1054, ref|XM_584414.3| (LOC507743).BTA1, ref|NW_001493846.1| superoxide dismutase one. Thirty
six nucleotides (1–36 nt) showed 100% sequence homology
with a segment of exon 1 from nt coordinate 1889512 to
1889477; 95 nucleotides (32–127 nt) showed 98% sequence
homology with exon 2 from nt coordinate 1885883–1885788;
72 nucleotides (125–197 nt) showed 98% sequence homology
with exon 3 from nt coordinate 1884093–1884021 and 78 nucle-
otides (195–275 nt) showed 96% alignment with exon 4 of the
B. taurus chromosome 1 from nt coordinate 1883196–1883116
(Fig. 7).
Amplicon from the native cattle cDNA and buffalo
cDNA share the sequence of the homology of 99% and
98% alignment, respectively, with mRNA of B. taurus
SOD1 sequences of the GeneBank database: GeneBank
Accession Nos. ref|NM_174615.2|, gb|M81129.1|BOVCZSD,
gb|BC102432.1| and emb|X54799.1|BTSUPDIS (Fig. 8, rep-
resents the alignment of cDNA of native cattle and buffa-
loes with mRNA of B. taurus SOD1 gb|BC102432.1| as an
example using CLUSTAL W (1.83) sequence alignment).
To identify a protein coding sequence, we carried out not
only the alignment of nucleotide sequences but also the align-
ment of (translated) amino acid sequences between the
sequence of the ampliﬁed fragments and the previous
sequences published on database. Comparing the six frame
translation of amino acid sequences of cDNA native cattle
and buffaloes with amino acid sequences reported in B. taurus
SOD1, soluble mRNA gb|BC102432.1| showed that ‘‘aa
Frame +3’’ should be used for both buffaloes and native cat-
tle. Multiple amino acids sequence alignment of SOD1 of ‘‘aa
Frame +3’’of both cDNA native cattle and buffalo with ami-
no acid sequences reported in B. taurus SOD1, soluble mRNA
gb|BC102432.1| revealed that there is no difference between
amino acid sequences of native cattle andB. taurus SOD1, sol-
uble mRNA gb|BC102432.1|. Amino acid sequence of buffalo
SOD1 cDNA was identical to native cattle SOD1 cDNA and
to B. taurus SOD1, soluble mRNA gb|BC102432.1| with oneos taurus (Bos) similar to Cu/Zn superoxide dismutase, mRNA
Figure 3 NCBI-Blast analysis of DNA native cattle (Cat) with Bos taurusmRNA for the similar to superoxide dismutase and partial cds,
clone: ORCS12502 Length = 566, dbj|AB099025.1|.
Figure 4 NCBI-Blast analysis of DNA native cattle (Cat) with Homo sapiens superoxide dismutase 1, soluble (amyotrophic lateral
sclerosis 1 (adult) (SOD1)), mRNA length = 981and ref|NM_000454.4|.
Figure 5 NCBI-Blast analysis of DNA native cattle (Cat) with Macaca mulatta superoxide dismutase 1, soluble (amyotrophic lateral
sclerosis 1 (adult) (SOD1)) and mRNA ref|NM_001032804.1|.
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Figure 6 CLUSTAL W (1.83) sequence alignment of SOD1 of native Cattle (Cat) DNA, cDNA and Bos taurus chromosome 13
(BTA13) genomic contig, whole genome shotgun sequence, REGION: 171228–172068 (841 bp) similar to superoxide dismutase
NW_928647.
Identiﬁcation of Cu/Zn superoxide dismutase in cattle and river buffaloes 5exception where only one amino acid D was substituted by N
in cDNA buffalo (D26N) (Fig. 9).
4. Discussion
Superoxide dismutase 1 (SOD1) genes contain ﬁve exons inter-
rupted by four introns [29,37]. SOD1 normal gene i.e. gene
with introns and exons was mapped to cattle chromosome
BTA1 (1q12ﬁ q14) by in situ methods [32]. Recently, intron-
less genes have been discovered in eukaryotes [12]. The process
by which these genes are produced is called retroposition and
the genes are called retrogenes. The majority of retrotrans-
posed genes are inactivated, but in a few instances the retro-
transposon is maintained as a functional, intronless gene [28].
SOD1 primers designed for the present work ampliﬁed a
fragment of 370 bp from both native cattle genomic DNA
and cDNA. Alignment of SOD1 native cattle genomic DNA,
but the cDNA amplicons showed a 93% homology. They share
the sequence of the homology with many mRNA of B. taurus‘‘similar to superoxide dismutase’’ (SOD1); mRNAof amyotro-
phic lateral sclerosis 1 (SOD1) fromHomo sapiens andMacaca
mulatta. Moreover, cattle genomic DNA from nucleotide (nt)
1–275 aligns with four separate segments (exons) (100%
sequence homology with a segment of exon 1; 96% alignment
with exon 4; 98% of the sequence of the homology with exons
2 and 3) of SOD1 normal gene on BTA1, ref|NW_001493846.1|.
Mutations (nucleotide substitutions) have been detected in
exons 2, 3 and 4. No alignment with any introns was found.
The native cattle genomic DNA SOD1 amplicon shares the se-
quence of the homology (95%) with ‘‘similar to superoxide dis-
mutase’’ on B. taurus chromosome BTA13|NW_928647|
(Fig. 6). These ﬁndings indicate that the genomic DNAof Egyp-
tian native cattle has SOD1 intronless pseudogene residing on
BTA13 with some mutation such as deletions and substitutions
(at a segment ranged from 275 to 286 nt in exon 4) compared to
B. taurus SOD1 intronless pseudogene on BTA13. Gallagher
et al. [15] have assigned bovine superoxide dismutase pseudo-
gene to the cattle chromosome BTA13 where normal SOD1 is
assigned to BTA1. The presence of a parent gene and its retro-
Figure 7 NCBI-Blast analysis of DNA native cattle (Cat) with Bos taurus chromosome 1 (BTA1) genomic contig and gi|119874974|
ref|NW_001493846.1| Bt1_WGA3> reference assembly (based on Btau_3.1) length = 2293007.
6 A.A. Abou Mossallamtransposed gene on different chromosomes has been reported
by Harrison et al. [20] and Abou Mossallam [1] who assigned
two SOD1 processed pseudogenes w 71.4 and w 69.1 to the hu-
man chromosome 8 and 16, respectively.
In river buffalo genomic DNA, SOD1 primers ampliﬁed
three fragments: 450, 700 and 1200 bp. The 368 bp fragment
that was detected in the native cattle DNA (indicating SOD1
intronless pseudogene) was not detected in the buffaloes.
The three different ampliﬁed fragments indicated that more
than one copy of SOD1 may be located in the buffalo genome,
this has been reported by Mahfouz [27]. The presence of differ-
ent copies with different sizes of SOD1 pseudogenes in the hu-
man genome also has been reported by Danciger et al. [9] and
Abou Mossallam [1]. The presence of different copies ofSOD1 in the buffalo genome may be due to alternative splicing.
Gamba [17] revealed that increasing complexity in vertebrates
is not related to an increased number of genes, but to other reg-
ulatory mechanisms, including alternative splicing. Recent
analysis has shown that alternative splicing occurs in at least
40% of genes in both multicellular plants and animals [5].
Multiple amino acids sequence alignment of SOD1 of
‘‘aa Frame +3’’ revealed that there is no difference between
Egyptian native cattle and B. taurus SOD1, mRNA
gb|BC102432.1| despite the presence of one nucleotide substi-
tution G/C at the third positions of the ﬁrst codon (Fig. 8).
Most of the redundancy is in the third position. Nucleotide
substitutions at the third positions do not lead to amino acid
substitutions [23].
Figure 8 CLUSTAL W (1.83) sequence alignment of SOD1 of cattle (Cat) and buffalo (Buf) cDNA and Bos taurus superoxide
dismutase 1, soluble, mRNA gb|BC102432.1| (Bos mRNA), The codons of ﬁve single nucleotide polymorphisms (SNPs) detected in
buffaloes and one SNP detected in native cattle are underlined.
Figure 9 CLUSTAL W (1.83) multiple amino acids sequence alignment of superoxide dismutase 1 (SOD1) cDNA native cattle and
buffalo ‘‘aa Frame +3’’ with Bos taurus SOD1and soluble mRNA BC102432 complete cds. Amino acid D (aspartic acid (Asp)) in cDNA
of native cattle and Bos taurus SOD1 mRNA gb|BC102432.1| at position 26 and N (asparagine (Asn)) in cDNA buffaloes (D26N) are
underlined.
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amino acids ‘‘aa Frame +3’’ sequence revealed that only
one amino acid substitution was found in buffaloes com-pared to native cattle and B. taurus SOD1 mRNA
gb|BC102432.1| despite the ﬁve single nucleotide polymor-
phisms (SNPs) detected in the buffalo (G/A, T/C, A/G, T/
8 A.A. Abou MossallamG and A/C). The four substitutions (T/C, A/G, T/G and A/
C) which did not lead to amino acid alterations were at the
third codon position, whereas the single nucleotide substitu-
tion (G/A) that lead to amino acid alteration was at the ﬁrst
position (Fig. 8). This single nucleotide substitution (G/A)
leads to substituting amino acid D in cDNA of the native
cattle and B. taurus SOD1 mRNA gb|BC102432.1| at posi-
tion 26 by N in cDNA buffalo (D26N) (Fig. 9). This means
that a single aspartic acid (Asp) at position 26 in B. taurus
SOD1 mRNA is substituted by asparagine (Asn) in the buf-
falo SOD1. Non-synonymous single nucleotide polymor-
phisms (nsSNPs) detected in this study may affect the
function of the encoded protein. It has been estimated that
20–30% of nsSNPs affect protein function [35]. SNPs can
be used to identify the regions that inﬂuencing important
economic traits in the species of agricultural importance
[14]. Single nucleotide polymorphisms have also been shown
to be responsible for a number of economically desirable
phenotypes. Lee et al. [22] developed a pipeline for detect-
ing, validating and genotyping large numbers of single nucle-
otide polymorphisms using B. taurus as a model organism.
They have found SNP associations for resistance to facial
eczema in Jersey or Frisian populations at a higher rate than
expected.
This study is the ﬁrst investigation reporting that the
resistance of the buffaloes to diseases, the parasites that af-
ﬂict the cattle may not be acquired but may have a genetic
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